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Abstract 
Single port access surgery requires several specialized and one-time use devices to perform the surgery. By making the specialized 
devices suitable for multiple use may reduce surgical cost and increase the popularity of single port access surgery. However, this 
requires a new design thinking that emphasize on modular design and sterilization. We are exploiting simulation and computational 
intelligence methods to aid the design process that includes splitting an existing single use device design into modules and 
identifying the parts from the modules for manufacturing. Linking the design of the device with manufacturing can be achieved 
using feature graphs. This paper relates the development of a multiple use hand instrument for single port access surgery by re-
using and enhancing the design of single-use devices with the proposed simulation-based methodology. 
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1. Introduction 
For more than two decades, the medical device 
industry has been focusing on single-use medical 
devices. However, this is not sustainable due to its 
contribution to the high cost of healthcare. The 
Healthcare Infection Control Practices Advisory 
Committee (HICPAC), USA reported that approximately 
20% to 30% of U.S. hospitals reuse at least one type of 
single-use device as a cost-saving measure [1]. Reuse of 
single-use devices involves regulatory, ethical, medical, 
legal and economic issues and has been extremely 
controversial. Despite reports on hospitals reusing single 
use medical devices safely [2], there is real risk of 
infection and injury when reusing medical devices 
intended and labeled for single use. However, 
conversion of these single-use devices to their multiple-
use versions cannot be based on simple design re-use, 
and to develop a new multiple-use medical device is 
costly in the highly regulated medical device industry.  
Simulation-based method can be used to design 
customized medical devices [3]. We have been 
investigating and applying simulation-based design 
methodologies to research, develop and evaluate medical 
devices. This paper relates our experience on the 
development of a multiple use medical device by re-
using and enhancing the design of single-use devices 
with the simulation methodologies. With simulation 
method, the device can be developed in an effective and 
efficient manner. The computer aided design software 
system requires an integrated platform of multiphysics, 
multiscale and artificial intelligence that incorporate 
domain specific knowledge exploitation of the medical 
devices. The system aims to address the 
manufacturability and regulatory issues during design 
for mass fabrication of the medical device. 
Section 2 describes the single port access surgery and 
the multiple-use surgical device to be developed. Section 
3 illustrates the simulation system for virtually designing 
and evaluating the medical device based on its 
interaction with a simulated human body cavity. Section 
4 describes the multiple-use medical device design and 
fabricate prototype. Section 5 discusses our proposed 
medical device design framework, the results of this 
study and future work. The paper concludes in Section 6. 
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2. Single Port Access Surgery and Specialized 
Devices 
Single port access (SPA) surgery, also known as 
single incision laparoscopic surgery (SILS) is an 
advanced minimally invasive surgical procedure [4]. The 
SPA technique has been used to perform various 
surgeries including appendectomy, cholecystectomy, 
liver resection. Single port access surgical procedures 
are like many laparoscopic surgeries in that the patient is 
under general anesthesia, insufflated and laparoscopic 
visualization is utilized, however, the surgeon is 
operating almost exclusively through a single entry 
Since the entire 
surgery is performed through the navel, it does not leave 
visible scar like a traditional multi-port laparoscopic 
approach [5]. With SPA surgery, the patients may 
benefit from less post-operative pain, less blood loss, 
faster recovery time, fewer complications, and better 
cosmetic results. 
Specialized equipment have been developed for SPA 
surgery. They fall into two broad categories: access ports 
and hand instrument. The S-PORTAL® instrument is an 
access port that has been used in SPA surgery. It has 
four curves, which results in the instrument tip and the 
handle coming in the same line, and this gives the 
surgeon the feeling of using virtual trocars with 
triangulation without crossing hands.  
There are many articulated hand instruments 
are specifically designed in the form of 
hook, clinch, shears and dissectors to provide added 
maneuverability. They are strong shaft-wristed 
instruments with the tip having infinite positions of 
dynamic articulation with a locking facility and 360° 
rotation. RealHand® High-Dexterity instruments by 
Novare Surgical Systems are designed to mirror the 
feedback. We have designed a multiple use articulated 
instrument for SPA surgery based on the single use 
Roticulator Endo Grasp .  
3. Simulation-based Design 
We proposed a software system for virtually 
designing and evaluating a medical device based on its 
interactions with a simulated human body cavity. Figure 
1 is an illustration of the virtual design environment 
build upon an existing CAD software, SolidWorks. The 
medical device is divided into modules. There is a 
knowledge base comprising various geometries for a 
module of the device and rules for determining 
correspondence between the geometry of a module and a 
portion of the body cavity. This knowledge base could 
be developed from the design of existing single-use 
devices. Multiple-use rules are embedded in the 
knowledge base. Design parameters including shape, 
material, flexibility and shape memory can be altered in 
the software, and its interaction within the body cavity 
simulated. Feature operations can be performed to 
modify the recommended geometry. The virtual device 
modules are aggregated to provide the final design of the 
device, with an estimated quantitative measure of 
multiple usability.                   
Our investigation of the proposed method is 
illustrated with reference to the design and fabrication of 
a prototype multiple use device for SPA surgery based 
on the  existing single use device Roticulator Endo 
Grasp. Figure 2 describes the processes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Virtual environment for medical device 
simulation. The human and liver organ models are from 
3DContentCentral (http://www.3dcontentcentral.com) 
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Figure 2. Simulation based design method for generating 
design of multiple use medical device from design of 
single use medical device. Knowledge bases are not 
shown in the figure. 
 
In order to design and fabricate the medical device to 
be re-useable, the system should aid in the design of a 
device that can be dismantled fully for sterilization. 
device into modules or parts that can be easily 
assembled and disassembled is not trivial. The device 
should be made in stainless steel or titanium. Titanium is 
lighter and the preferred material if cost is not a 
constraint. Every component of the device should be 
replaceable if is damage due to wear and tear. The 
component of the device shall be designed to be easily 
fabricated. In addition to ensuring that the device should 
perform at least as good as the existing device that 
available in the market, we have to consider usability 
issues, for example, the device handle should be 
Computer simulation is useful in studying the usability 
issues. 
Linking the medical device design with 
manufacturing is important. This may be achieved by  
extracting the semantic knowledge of the design useful 
to manufacturing in the form of features. A feature graph 
can be created to provide the linkage between medical 
device design and manufacturing.      
4. Multiple-Use SPA Articulated Device 
Existing single use device which is mainly made of 
plastic components. They are joined together using 
ultrasonic welding process. The single use devices 
usually cannot be disassembled since it is designed to be 
one time use. The design of single use Roticulator Endo 
Grasp was split into three modules in its multiple use 
version. Figure 3 shows the medical device design and 
its three modules.  
Module A consisted of three components which were 
the clipper, sleeve and steel shaft body. Module B 
consisted of six components which were the plastic 
guide sleeve, rotating sleeve and rotating bush. Module 
C consisted of eight components which were the handle, 
handle left/right, holder piece, locker A/B, floating bush 
and twisting bush. Every component in the module can 
be assembled and disassembled each time after used.  
The modules were broken into parts for fabrication. 
Part fabrication involved using several equipment 
including grinding, milling, turning, CNC milling and 
CNC EDM machines. Figure 4 shows the design of the 
various parts of the device to be fabricated. Design 
changes were required due to the limitation of available 
machines and resources. Critical dimensions were 
highlighted and controlled to within a given tolerance to 
ensure that there was no interference during assembly.      
Figure 5 is an image of the fabricated multiple use 
prototype device. The most complicated part to be 
fabricated was the rotating bush which involved creating 
spiral thread using electrode discharge machining 
process. The machining of  was done with advices from 
the Singapore unit of Sodick Japan. The outer and inner 
diameters were achieved using the CNC turning process. 
Taper slots along the outer diameter was done using turn 
milling process. The rotating bush is indicated with a 
white rectangle in the figure.  
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Figure 3. Design of multiple use SPA device and its
modules.
Figure 4. Design of parts of multiple use SPA device for 
fabrication.
Figure 5. Prototype multiple use SPA device.
5. Discussions
Despite the many advantages of single port access 
surgery, the SPA technique has not been widely adopted 
by the hospitals. This is because there are challenging
problems on safety, technology and cost that have yet to
be overcome. Operating through a single port offers
minimal scar surgery as well as decreases postoperative
pain and promotes swift recovery. However, it 
proportionally increased the complexity of the surgery.
The SPA surgery requires several specialized and one-
time use devices to perform the surgery. The surgical
cost is high, and this has reduced its popularity as many
patients may not be able to afford it. There has also been
a greater emphasis on competitive advantages in 
medicine now. A way to overcome the cost issue is to 
make the specialized devices suitable for multiple uses.
This requires a new design thinking that emphasize on 
modular design and sterilization, and new computer 
aided design software system to achieve it. This paper 
illustrates the essential components of the proposed 
simulation-based method for medical device design by
referring to the design of a multiple use single-port 
access tissue grasper. 
Designing a multiple use single-port access tissue
grasper involves many design iterations using software
tools. However, there are limitations on the existing 
software tools. The design process relies heavily on 
human inputs. We are exploiting computational
intelligence and simulation methods to automate the 
design process. A specific task to be automated is the 
initial decomposition of the single-use device into 
modules. The decomposition is complicated by the need
for assembly and disassembly of modules. The assembly
and disassembly processes have to be simple so that they 
can be performed by the nurses in the operating theater. 
Linking the medical device design in the form of 
CAD-generated objects with manufacturing is important.
Module B
Module A
Module C
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The modules are divided into parts that could be 
fabricated by the available manufacturing equipment and 
methods. These parts which are CAD-generated objects, 
are defined as complete geometric and topological 
solids. Automated linking of CAD and fabrication 
requires a re-interpretation of the part database to extract 
manufacturing-specific semantic knowledge about the 
part. 
Computer simulation and optimization is the core 
component in the proposed design methodology to 
ensure that the final medical device meets its objectives 
and the safety requirement of the regulation authority. 
Interaction between the medical device and biological 
tissue which is deformable and divisible has to be 
considered in medical simulation. Large deformation 
and/or puncture of the tissue can be simulated 
realistically with physics-based simulation engine that 
integrates finite element and multi-body dynamics codes 
[6].  
The simulation engine assumes that the global 
operating space is divided into many sub-regions e , 
the principle of virtual velocity can be defined as 
T
T T
' ' '
( ' ) ' 0
e e
e
dV dS
dVf A v v
, 
where ' is the Cauchy stress, 'D  is the virtual rate of 
deformation tensor, 't is surface traction on the 
boundary surface, v and 'v are the velocity and virtual 
velocity respectively, is associated with the inertial 
term, and 'f is the body force per unit mass in the sub-
region. The matrix A relates the global space and the 
sub-region.      
As was explained in [6], the integrals with elemental 
velocity approximated using nodal velocities can be 
evaluated using an updated Lagrangian finite element 
method. Penalty methods can be used for modeling 
joints which connect the sub-regions, and contact 
surfaces. The proposed design methodology can be 
implemented using component-based software 
technologies [7].    
6. Conclusion 
We are exploiting simulation and computational 
intelligence methods to aid the design of a multiple use 
medical device by re-using and enhancing the design of 
the single use devices. This paper describes the 
framework of our design method, and relates the 
proposed methodology with the development of a 
multiple use hand instrument for single port access 
surgery. Due to the design complexity and safety 
regulation, a fully automated solution is probably not 
acceptable. Neverthless, the proposed design solution is 
feasible, and will improve the efficiency and 
effectiveness of the medical device design process.       
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